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“aThis ECU uses wet ice in finned canisters for cooling purposes, Closed
circuit, forced ventilation is effected with a battery powered fen. An easily
replaceable chemical pack containing lithium hydroxide and potassium superoxide
provides for carbon dioxide removal and replenishment cf oxygen. ,The system will
support a man for 1 hour at an ambient temperature of 100°F w ile’performing
moderate to heavy activity and at lhO°F performing-tight, activity and for 2 hrs
while performing light aetivity in ambient temperatures of 100°F,

< A highly efficient oxygen-sensing warning device constantly monitors oxygen
level within the suit. Currently, the ECU is worn as a backpack, but contemplated
modifications to a torso styled peck would facilitste entry through the small
hatches and passageways fpund sboard ship. (U)
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ABSTRACT ;o ’

The Navy Clothing and Textile Research Unit (NCTRU) has developed en
Environmental Control Unit (ECU) for a life support system which was de~
signed primarily for shipboard operetions, such as (emege control, rescue,
and engine-room use, perticularly during shutdown reriods. The purpose of

the ECU is to control the enviromment within a fully enclosed, impermeable
Damage Ccatrol Suit (DCS).

This ECU uses wet ice in finned canisters for cooling purposes.
Closed circuit, forced ventilation is effected with a battery powered fan.
An easily replacesble chemical pack containing lithium hydroxide and potas-
sium superoxide provides for carbon dioxide removal and replenishment of
oxygen. The system will support a man for 1 hour at au ambient temperature
of 100°F while performing moderate to heavy activity and at 140°F performing

light activity and for 2 hrs while performing light activity in ambient
temperatures of 100°F.

A highly efficient oxygen-sensing warning device constently monitors
oxygen level within the suit. Currently, the ECU is worn as & backpack,
but contemplated modifications to a torso styled pack would facilitate
entry through the small hatches and passageways found eboard ship.
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. ENVIRONMENTAL CONTROL UNIT FOR
DAMAGE CONTROL SUIT SYSTEM
INTROLUCTION

The Navy Clothing and Textile Resesrch Unit (NCTRU) is deveidping a
life-support system, which consists of a fully enclosed, impermcable suit
end en Environmental Control Unit (ECU) for mainteining a hebitacle environ-
ment within the suit that can support a man for perivds up to two hours
depending upon the ambient temperature and work activity regimer.

The current NCTRU interest is in developing a life suppori system
primarily for shipboard use in which many situations exist requlring
protection of *his kind. For example, engine-room environment.s are often
severe, particalarly during shutdown periods. Temperatures ar high as
140°F are frequently encountered which, when coupled with higi. humidity,
rreclude the entry of engine-roum personnel, even to perform such light
duties us watchstanding for reasonsble periods without being subject to
severe heat stress. Other shipboard uses for the life-support system
include damage control and rescue operations in which perconcal may be
reguired to enter spaces filled with smoke or toxic gases.

The purpose of the ECU, which uses wet ice for a coolam, is to control
the environment within a fMlly enclosed, impermeable suit (Damage Conirol
Suit, or DCS), which ie also being developed at the NCTRU's Laboratory.

The ECU is designed tc circulate and ccol the air within the suit, remove
axness moisture and carbon dioxide, and meintain a safe oxygen level, thus
providing max.mum personnel protection againsthostile environment , such
as toxic gases, low-onygen levels, high humidities, and temperature
extremes.

Although additionel work is required on this unit and modifications
are being consicered, it sppears that the system is well able to fulfill
its intended objectives. Tests have shown that a man can be maintained for
reriods up to 120 minutes in 10COF environments while performing light
activity and for 60 minutes at 14OCF at light activity. Moderate to heavy
activity can be performed for 6C minutes at temperatures up to 100°%,

The main modification contemplat.d at this time is a redesign of tue
ECU into a torso shaped pack. This change woutd provide a configuration
which would facilitate entry through the small hatches and passageways
found aboard ship., Thir new design would alsu allow the pack to te worn
outside the suit and interface with the suit by special connectors. This
interface would perrit the exchange of the ECU without leaving the work
area, thus increas.na work duration if necessary.
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In ti's report the design and performsnce of the ECU cre discussed:
Data are presented snowing the rate of heat absorption under a wide variety
of inlet-air-temperature and relative-humidity condisions.

DESCRIPTION OF ECU

There are three bhasic requirements for the support of a man in a fully
enclcsd space: temperature control, oxygen supply and the removal of carbon
dioxide. In the NCIRU DCS, as with most life-support systems, metabolic
heat is dissipated from the man's body by evaporation and convection into
the air within the suit, which must te continually cooled and dried. Several
nethods for cooling the air have been tried.

Frevious werk at NCTRII includes the development and testing of a fan-
ventilated suit (1), an .nsuleted impermeable suit supplied with compressed
alr for ventilation, cooling and bresthing purposes (2), the evaluation of
a thermoelectricelly ccoled suit (3), and the physiological evaluation of a
liguid-air suit (4}, It was shown that, when compressed air is used, the
tolerance time for personnel i.der elevated temperature conditior.s can be
appreciably extended. The thermcelectric spproach was unsatisfactory be-
cause of the weight end bulk of thermoelectric devices svailable at that
time. The liquid-air approach, attrastive because the liquid air provides
cooling, air for breathing and power for its own circulation, is not gener-
ally suitable for shipboerd use because liguid air is not usually available
aboard ships. Although each approach has its own advantages and disadvan-
tages, the wel-ice method appears to be the most suitable for shiphoard use.
Wet ice is +asily produced and is s desirable refrigerant material. 1t is
safe, non-toxic and, pound-for-pound, absorbs as much heat ss liquid air
(between 0° and TOPF for ice and -314° and 70°F for air).

The ice for the NCTRU ECU is contained in two finned canicters, each
of which holds six pounds of ice. Fins formed from deeply corrugated
aluminum sheeting are brazed to the four vertical sides of the canisters,
as illustrated in Figure 1, which shows the assembled ECU and its component
parts.,

The ECU. which measures apprcximately 28" x 14" x 8", weighs about L0
pownds when fvlly lcaded with ice and chemical packs. Its case and ihe
freaeze canisters were made by the Frigivest Company under contract to NCTRY.
Tae case is constructed of PVC plastic with a double nuter wall sandwiching
3/8-inch-thick polyurethane foam for insulation. The upper cection of the
ECU comprises the plenum, which is sound-foam lined and which contains the
blower. The compartment for the chemical pack lies dlrectly below the
plenum. It attaches to the lower section cf the ECU with quick-release
fasteners to erpedite relacement of the freeze canisters. A tank is pro-
vided belcw the freeze-canister compartment to contain the condensate.
Check vealves prevent the condensate from flowing Lack into the freeze-
canister compartment should the ECU become inverted. The ECU iy designed
so that both the cooling cenisters and the chemicel pack can be quickly
and readily replaced when the DUS is being used on an extendcd mission.

o
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The ECU is worn inside a pouch, which is attached to the upper back of
the DCS (Figure 2), An aluminum frame strapped to the wearer supports the
backpack and the polycarbonate plastic dome helmet, The frame, illustrated
in Figure 3, is equipped with padded strapas which pass ovee the waaver's
shovlders. It attaches also to the hips by means of e pad riding ia the
small of the back and a strap enciréling the waist.Thus, weight is evenly
distributed over the wearer's body. Two, adjustable, aluminum supports are
fixed to the frame and to the neck ring of the DCS to support the dome helmet.
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Figure 4 presents a schematic illustration of the backpack. Air enters
through the inlet, located at the lower end of the freeze canisters, and
passes upward through the canister fins, giving off heat and moisture as it
cools. Passing through the chemical canister, the air gives off sddiiional
nolsture, oxygen is produced and carbon dioxide is removed. The chemical
canister measures 10" x 5-5/8" x 3-1/2". It weighs L-3/4 pounds when filled
with lithium hydroxide, for the removal of carbon dioxide, and potassium
superoxide, for the replenishment of the oxygen. The canister bodies are
made of stivinless steel sheet and contain twoelve 3-1/2" deep troughs, made
from metal screening running along the length of the canister, The troughs
hoid the coarsely granular chemicals in layers to allow & free, well-distri- ;
btuted flow of air through the pack. Seven troughs are filled with pctassium ;
superoxide for the production of oxygen according to the equation ;

pefs

R DR Y

RN YR

2KOp : Ho0-»2KOH + 3/2 Op + Heat

The remaining five troughs are filled with lithium hydroxide for the removal ‘
of carbon dioxide acesrding to this equation i

2 LiCH + 0029 Li2CO + H20 + Heat

3

Since the moisture in the air greatly exceeds that required for the
production of oxygean, a perforated baffle, which diverts most of the air
through the lithium Lydroxide, is placed over the side of the chemical pack
that contains the pctassiun superoxide. A sodium chlorate candie, which is
incorporated within the chemical pack for emergency use, is fired electri-
cally and produces enocugh oxygen to support a man for 10 minutes. The
development, conctruction and testing of the chemical canisters wecre Aone
by the MSA Corpnration under contract to NCTRU (5). Concurrently with the
development of the chemical pack, an alternate oxygen-supply system uvsing
high-pressure oxygen was developed. This system contains oxygen containred
in a 54 cubic-inch 301 stainless steel bottle made by the Ardé’Company
using shanderd roli and weld techniques. After fab:.icastion, however, a
special technique s used to strengthen the bottles by stretching them at
cryogenic temperatures. The low-temperature deformation converts the very
ductile, but Z¢v-strength, austeritic 301 stainless steel to the much
stronger martensitic condition, which is further strengthened by stirain
hardening and aging. The bottla measures about 3 inches ian diamster by
10 inches overall length and weighs a little more than one pcund. It can
withstend a working pressure of 2,000 1lbs. and, when filled to capacity,
contains about 120 Jitres ¢f oxygen, enough to support a man for aoout
two hours.

3
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Quite extensive testing was done on one of the bottles by the General
Equipment and Packeging Laboratory at Netick Laboratories (6). Testing in-
cluded pressurized tests at both hign and low temperabures, test on the
affect of theima™ shock, salb spray, vibration, and a destructive test
involving un impact with a highevelocity projectile while in the preesurized
condition.

A two-stage regulator, built by the Scott Aviation Corporation under
contrsct to the NCTRU, is used to feed the oxygen into the suit al the rate
of approximately one litre per minute.

This alternate, oxygen-supply system, developed concurrently with the
chemical, oxyr :a-producing system, was to be used only if tne chemical
approach prov 4 to be unsatisfactory. Because the chemical system was highly
satisfactory; however, no provision for the high-pressure oxygen system will
be made in future models of the ECU.

After passing through the chemical pack, the air is drawn into the
plenun and exhausted through the outlet into the suit helmet. An elestvri-
cally driven blower, made by the Torsington Company, circulates air. Triven
by & 12-volt Globe DC motor running at sbout 12,000 RFM, this centrifugsl-
type blower is designed to produce an air flow of 27 cubic feet per minute
against a pressure head of three inches of water. Testing at NCTRU has
shown that it will meet that requirement, drawing 2.€5 emperes at 12 volis.

The performence of the blower is shown graphically in Figures 5A and
5B where stetic head, current consumption of RPM are plotted egainst alr-
£ow for three voltage levels--8, 10 and 12 volts. The blowsr exhausts
ir .o & GP2 sound-foam-lined plenum, and from there,directly into the helmet.
e noise level within the helmet, from the fan, is about 70 db.

Power is obtaired for the ECU from & 12-volt, 10-ampere-hour, silver-
zin? battery (Silvercell) made by the Yardney Company. The battery, which
oroviles ample power for a two-hour run, weighs only five pounds, including
the case, which is attaciied externally to the ECU with quick-release faston~
ers. The silver-zinc battery requires eight cells for a l2-volt output.
Bach cell contains a emall quantity of an alkaline electrolyte (potassiun
ryiroxide) which is largely sbsorbed by the plates and seperatcrs, ragnli.
ing in an almost unspiliable bettery. Charging may be accucpiighed Ly an
inexpensive, modified, constant potential charger requiring approxinabely
24 heurs for a full cherge from the fully discharged condition. 'he 1life
axpectancy or the silver-zince battery afver uctivation is claimed to be
1 to 1-1/2 years by the manufecturer, depending on maintenance and storuge
conditvions. Tane cy:le life is claimed to be 80 to 100 cycles. (Teshs
conductzd at NCTRY on a set of eight silver-zinc cells “hat had been
skored for approximately ona yesr under rather sdverse condibions ran Tov
W) test cycles over a period of 6 to 7 months befcre failure occurral., )




_ Additioral tests were run on a battery composed of 12 silver-cadmium
celis, made by the seme manufacturer. Although these'cells produce only
&?Gut 2/3 of the wvo vage of the silver-zinc cells, they have a much longer
litc expectancy, that 1s, over three years under optimum conditions. Indeed,
under optimum conditions, the cycle life of the silver-cadmium batteries
seems almost unlimited for practical purposes. For example, Silcad tatteries
under vacuwn conditions have withstood over 7,000 shallow charge-discharge
cyel2s. In continuing tests at NCTRU, the Silcad batteries have withstood
130 deep charge-discharge cycles. These cells were activated about 4O months
a0 and show no sign of deterioration to date, such.as loss of capacity or
sediment, accumulation in the bottom of the cells, !

A highly functionel innovation, from a safety standpoint, is the oxygen-
sensing warning device shown attached to the backpack in Figure 6. This
instrument, which was developed by the Beckman.Instrument Compeny,; Inc.,
under contract to NCTRU, monitors oxygen from & polarographic sensor mounted
in Yhe pienum and warns the wearer by a red light whenever the oxygen level
f2lls below or rises above safe values. The unit draws very little current
(the meximum is about 125 ma). Tests have shuwn that it responds very
quickly to changes ia oxygen partial pressure, is éssentially insensitive
£0 change in temperature and relative mmidity, and is a highly reliable
and apparently nearly maintenance-free device. The entire unit weighs
approximately one pound. A technical report deseribes this instrument in
detail and presents the results of the testing done by NCTRU (7).

A low-profile, communications headset compatible with existing sound-
powered Navy gear has been developed by Dyna-Magnetic Devices, Inc., under
contrect to NCTRU, for use with the DCS. The headset uses a bone-conductlon-
type microphone mounted at the rear of the head. All of the electronics
. required for this system are con’ained within the headset, which weighs

approximately one pound (8).

IRSTING

Exhaustive tests have been conducted on the backpack to determine
airflow rataes, cooling rates and the cooling capacity of the freeze canisters.
These tests were held in an environmentally controlled chamber with the use
cf an "open circuit" configuration; that is, inlet air was drawn from, but
exhausted outside of, the chember. The outlet air was not allowed to re-
turn o the backpack as it does when the backpack is used with the DCS.
Tasting in this marner allowed accurate control over both inlet temperature
and relative humidity. Airflow was measured directly with a hot-wire air-
veloclty meter (Flowtronic model 55A1). A sensor wes mounted in a smecial
flow tube, mede and calibrated by Flow Corp., to read directly 'in cuble
fzet per minute. Fxhaust alr from the backpack was passed through the
flow tube end the flow rate continually monitored. - Electrical power for
these tests was supplied by a filtered, edjustable, DC-powexr supply.
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Temperature and relative humiiity measurements were made with wet and
dry thermocouples. Some aifficulty was experienced by the drying cut of the
wey couples; however, in most tests the humidity was high enovgh to prevant
this from heppening during the test periods., Signals from the thermocouples
were recorded on & multipoint, Honeywell temperature recorder.

The rate of water extraction, airflow, and temperature difference
between incoming and outgoing air were used to calculate the rate of head
zbsorption by the backpack. Since heat absorption rates were generslly
decreasing and data were taken at the end of every 1l5-minute period, con~-
servetive values were obtained.

During testing the ECU was mounted oun a sensitive scale which could be
read to the nearest l/h-ounce. At the end of every l5-minute period the
increage in the weight of the ECU, duve to the condensed water, wes noved
and recorded for use in calculating the heat obsorbed by the freezepack.

Manometers were connected to the ECU at varicus points of interest so
that the pressure drops through the ECU could be measured, Typicslly, the
output of the fan, for a 12-volt motor input, was 30 to 34 cubiec feet per
minute at a pressure head of 2 to 2-1/2 inches of water. The pressure 1loss
between the inlet and the ouvlet of the freeze packs was typically 0.2 inch
of water,

RESULTS AND DISCUSSION

Water vo Sodium Thiosulphate Solution

The finned, aluminum canisters used for holding the refrigerant soiu-
tions were supplied by the manufecturer filled with six pounds of s solation
reported to be water with lO-percent sodium thiosulphate and six-percent
alcohol sdded. The use of this frozen salt solution instead of plaein ice
for cooling purposes had been advocated to take adventage of the negative
heat of solution found in some salts and to lower temperature of tihe melt-
ing ice and thereby enhance the transfer rate of heat from the alr ‘o the
conister fins,

Tests were run using both the salt-alcohol.water solution and plain
water frozen in the canisters to determine the relative performance of
toth liquids. The initiel tests were conducted on the backpack, with the
cooling canisters in place, in a room at 90°F and 65 percent RH. Inlet
air was drawn directly into the backpack from the chamber while exhausted
air was passed through an instrumented flow tube used for measuring the
flow rate.

Results from the tests uging the sclution-filled canisters show ~ 3
very high initial rate of neat absorption but, atf'ter about cne hour, *%..
rate of heat absorption fell to en unacceptably low level though ice
remained in the canisters (Figure 7). In the tests run with plain-wsber-
filled canisters, on the cther hand, the rate of heat absorption, aflov

6
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an initial drop during the first helf hour or so, typically increased
during the next half hour and thereafter meintained a relatively high level 3
until all of the ice was melted. In these tests the total BTU outputs from é
the water-and-solution-filled canisters (as estimated from the curves in
Figure 7) did not appear to be materially different, Thus, from & perfor-
mence peint of view, plain ice appeared to be the better choice. p

: The initial high rate of heat absorption for both the water-and-

E% S gsolution-filled canisters occurs before the super-cooled ice starts to
s B nelt. Once melting begins, the insulation afforded by the layer of water 4
3 between the ice and the can retards the heat flow. Apparently, once this 3

layer becomes thick enough, convection currents form which increase the
rate of heat transfer--hence the recovery noted in the rate of heat sbsorp-
tion in all of the tests using plain ice. Melting of the frozen, sodium-

3 thiosulphate sclution, on the other hand, results in the formation of a
i viscous slush which presumebly inhibits convection. Consequently, the rate
AN of heat transfer continues to decline.

Additionel experiments were conducted to investigate further the low
: rate of heat absorption noted for the solution-filled canisters. A cylin-
g drical aluminum can contagining four pounds of the sodium-~thiosulphate,
alcohol solution wes placed in an insulated calorimeter contedining 31 pounds
of water at ambient temperature. Provision was made for continuelly esgita-
ting the water and recording its temperature. The experiment was duplicated
using plain-water ice in the can and the results (illustrated in Figure 8,
in which rate of heat loss is plotied against time) confirm the previcus
findings that heat is more readily absorbed in plain ice than in ice made
from the sodium-thiosulphate solution. Furthermore, measurements made In
a vacuum-insulated calorimeter, where ice 'was melted directly in water,
showed that plain-water ice av;orbs sbout five-percent more heat In melting
than ice made from the solution. Thus, since plain-w .ter ice appeared to
be an all-around better performer than the sodium-thiocsalphate solution,
it was aused exclusively for the remainder of the tests.

P R

Bffect of Variables on Rate of Heat Extraction

In general, tests were conducted at the relatively high temperatures
and humidity levels expected to occur a: the outlet of an impermeable sult
containing a working man. Test temperatures ranged frem 80° to 100°F and
relative humidities from 80 percent to nearly 100 percent. Three rates of
airflow through the pack were used, that is, 15, 22, and 35 cfm.

Effect of Temperature and RH. The effect »f inlet air temperature on
the rate of heat abscrption is illustrated in Figure 9. Relative hum:idity
vas held at 80 percent for these tests ana each data point represents the
average of two, and in some cases three, tests. The airflow rate was 35 cfm.

Nete that, in general, heat-absorption rates are well agbove the ).000
BTU level which is considered to be the practical minimum required for
comfort at the activity levelis of interest. While temperature has a very
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significant effect on the total rate of heat absorption, its effect on
sensible heat extraction (lower set of curves) is almost insignificent.
Trie apparent enomaly steme from the higher rate of water condensation
ragulting from the greater moisture content of the wermer air,

The effact of relative humidity on heat extraction is shown in Figure
10 for en airflow of 21 cfm and a temperature of 95°F. The effect on the
rate of heat extraction of the humidity change from 85 percent to 95 per-
cent is quite smell. It is the result of a change of about 12 percent in
the absolute water content of the air., Compare this effect with that in
the previous illustration where a change of almost 60 percent in absolute
water content resulted from the temperature change from 85 to 100°F at
conshant RH.

ETfect of Rate of Airflow. Figure 11 illustrates the effect of the
rete of airflow through the backpack on the rate at which heat is extractea.
The effent, although apparently quite small between 22 gnd 35 cfm, is %o
reduce the rate of heat extraction very significantly at 15 cfin.

Pilgures 12 end 13 show the performance of the chemical pack (breathing
cenister) under conditions using a "simulated man" to absorb oxygen and
expel csrbon dioxide and water vapor (5). These data demonstrate that,
under the conditions of test, the breathing canisters were able to main-
tain the smbient-oxygen level and to hold the carbon-dioxide level below
0.4 percent.

Test, of the ECUJ-DCS System

Some tests were run with the ECU attached to a manikin placed inside
the DSC. These tests were held to determine airflow rates within the sult
itself and %o determine environmental heat loads on the ECU for different
wind velocities. Figure 14 illustrates the effect of wind velocity on the
rate at which heat was absorbed through the suit. This heat, and the heat
emensating from the wearer's body and from the chemical pack, must be
extracied by the ECU. Note that, at the test temperature of 120°F in &
wind of approximately 1500 f't/min (ebout 17 mph), approximately 900 BTU/hr
was required to balance t e heat being conducted through the walls of the
suit, Duging this test, che air temperature at the ECU outlet was in the
70° to 75 F range.

In Table I, the effect of externsl temperature on the heat absorbed
throagh the sult is presented. It should be noted, however, that since
thesa tests were run with the use of & manikin inside the suit the inter-
nal temperatures were much lower than would have been the case had the
suit been manned by a live subject. As a result, the values of heat
ahsorbed are presumably unrealistically high. For instance, at a 72°F ex-
ternsl temperature, 230 BTU/hr were absorbed. If the suit had been mannec,
the internal temperature would have been greater than 72°F and the nat heat
flow would have been in the opposite direction, resulting in a heat loss
instead of & gain. The internal temperature of the suit for this test
aversagzed about 60CF,

8




Table I. Effect of temperature on heat absorption through DCS.
(with dummy in suit and a 120-fpm waind velocity)

External Temperature Heat absorbed by suit
F BTU/hr (average for 120 mins.)
1ko 800
120 550
75 230

Manned Tests

Physiclogical testing of the entire system in amhient temperatures of
70, 100, and 1LOOF has been completed and the date are currently being

evaluated. A separate report covering this phase of the testing will be
written.

During these tests, temperature, oxygen, aud carbon dioxide levels were
monitered continuously. During the tests, temperatures within the suit
ranged from 70 to 80°F at the 70°F ambient at the outlet of the ECU. The 8
to 100°F ambient and 80 to 110°F embient at the 14O°F ambient associated
with the higher suit temperatures were very low. Thus metabolic heat cculd
be dissipated by evaporation even at the high suit temperatures.

The chemical pack was very satisfactory as a source of the O, and as an
absorbent of COp.  Oxygen levels within the suit were typically within + 2.0
percent of the ambient level; however, in one instence, the oxygen level did
drop to about 4.5 percent below normal. Carbon-dioxide levels were gener-
ally maintained in the vicinity of 0.2 percent except toward the end of each
test when the levels rose to about 0.6 percent. The maximum level for car-
bon dioxide observed in eny of the tests was 1.3 percent.

These tests showed that the system can support a men for one hour at
140°F performing light activity, for at least two hours of light esctivity
up to lOOOF, and for one hour of moderate to heavy activity at 100°F or
less. The chemical pack, however, was a greater heat burden on the cooler
capacity than had been anticipated from man-simulator tests. t now appeears
that more refrigerant fluid will be needed t: Lalance this aaditicnel hest
lcad for the temperature duraticn activity levels mentioned previcasly.

CONCLUSICON

The objective of this work was to develop an envirommental control wnit
capebie ol supporting a man in an impermeetle suit at ambient temperstures
up to 1Lo°F for periods up to two hours. The results indicate that the two-
hour duration at high temperature has not teen met (two hours is posaible
up to 100°F). At the high temperature (140°), cooling is svfficent for
about 6C minutes. Oxygen production and cerbon-dicx:de scrubbing appeer to
e adequate. The oxygen-sensing warning device works very well end aids a
nevw safety dimension to the system.

Modifizatlons contemplated for the ECU, when funding 1s avaliadle,
gn2uld make the suit more comfortable to wear and much more prs:iical for
vse in the confined spaces found avboard ship. For inatance, the FCU, now
worn on the bvack, can be giyled in & torso configuration to facilitata
entr; through tre small hatches and passagews). avosrd ship.
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